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MepiAnwn ota eAANVIKA

2TIG MEPEG MAG, KABNUEPIVA PHEYAAOG OYKOG EKTTAIDEUTIKWY dedopévwy YiveTal OAO Kal TTIo dIaBETIHOG.
Ald@opa eKTTAISEUTIKA TTANPOPOPIOKE CUCTHAHATA CUAAEYOUV KAl XPNOIPOTTOIOUV TEPAOTIA CUVOAQ
O0edopévv TOOO YIA TOUG EKTTAIOEUONEVOUG, TO EKTTAIDEUTIKO TTPOCWTTIKG Kal TO UAIKG, 600 Kal yIa TIG
METagU TOug aAAnAemmdpdoelc. H emeCepyaania kal avaAuon autwy Twv OedOUEVWV TTPOCEAKUCE ThV
TTPOCOXN OIaPOPWY EPEUVNTWY KUPIWG yia Tn duvatdTNTA TnNG va €VTOTTiOEl JOTIRa, TACEIG Kal
TPOBAEYEIG TTOU PTTOPOUV va XpnoipotroinBouv yia Tn BeATiwon Tng padnoiakng diadikaoiag Kal Twv
atmmoTeAeopdTwy TNG. 2T0oV XWPO ThG EkTTaideuong, n E¢opuén MNvwaong atmd ekaideuTiké dedopéva Kal
n MaBnoiaky AvoAuTikiy cuvioToUv TTAéov BUO 1810iTEPA BUVAUIKA BIETTIOTNPOVIKA TTEdid, TA OTToia
aQvaTITUooOVTal OAUEPA ME Taxeic puBuolg. ATTWTEPOG KOIVOG OKOTTOG TOUG €ival Karavonon Kai
BeAtiwon TNG pABNONG Kal Tou eKTTAIOEUTIKOU TTEPIBAAAOVTOC. H TTpoBAewn Twv PaBnoIakwy
atmoTeAeopdTwy ouvIoTd éva atmd Ta onpavTikOTEpa TTpoPARuaTa Twv TTediwv TG EEGpugng MNvwaong
a1ré ekTTaIdeUTIKG Sedopéva Kal TG MaBnoiakAg AvaAuTIKiG. Ave¢dpTnTa atrd Tov TpATTo TTPOCEyyiong
TOU TIPOPANMOTOG, N €TiAUCK TOU TTaPOUCIAdel 10IaiTEPN TTPAKTIKA ofia, KABWwg emTPETTEl TNV
atmoteAeopatiky TPORAEWN Twv HABNOCIOKWY QATTOTEAECUATWY TWwV OTTOUdOOTWY Kal Oivel Tnv
ouvarotnTa £yKaipng TTAPEURACNG YIa TNV TTAPOXN UTTOoTHPIENG o€ auToUq. MNapdAAnAa, atToTeAei
ouviRBwg kavova Tapd efaipeon 1O yeyovog o1l Ta diabéoiya dedouéva Tou TTPAyUaTIKoU KOOUOoU
eVOEXETAI VO TIEPIEXOUV avakpIB oToixeia, va ecivar €ANTT| f/kal va  xapaktnpi¢ovtalr atrd
UTTOKEIMEVIKOTNTA. AKOMA, KaTé TRV €TTiAucn TTpoBANPATWY, TTOAEG QopEg cival e€icou atrapaitnTo Ta
eCaydueva povTéAa uabnong va €xouv pia eUKOAA KaTtavonTr] avatrapdoTacn Kal dlapAaveia Tou
TPOTTOU AEITOUPYIAG TOUG WOTE VA ETTITPETTETAI N CUVEPYEIQ avOpWTTOU Kal unxavrg. Tnv idia aTiyun, n
Taxeia avdamTuén kol N PeydAn TroikIAia e€eMiyuévwv  peBOdwv Mnxavikic MdéBnong atraitolv
€CEIBIKEUPEVEG YWWOEIG KOl EUTTEIPIO OTOUG OXETIKOUG TOMEIG aTTd TOUG XPHOTEG TOUG, €UTTOdIOVTAG,
€701, TN GUPMPETOXNA UN EUTTEIPWY XPNOTWV.

H tmapouca didaktopikA dIaTpIfr) TTPAYUOTEUETAI TO YEVIKOTEPO TIPORANMUA TnG dnuioupyiag
TIPOYVWOTIKWY MOVTEAWV Tagivounong Kal TTaAivopdunong oTov XWPo Tng ektraideuons. H Pacikn
emodiwgn civar n avdmTuén véwv peBodoAoyiwv UTTOCTHAPIENG QIOTTIOTWY HOVTEAWV TTPOPRAEYNS TNG
amédoong Twv PabnTwy oe akadnuaikad pabiuarta eEauAvou TNG avwTtaTng ekTraideuong. € autd To
TAQicl0, TTEPIYPA@OVTAI £§1 EPEUVNTIKEG MEAETEG TTOU TTPAyMATEUOVTAI VEEC NEBBDOUG EEOpUENG MNvwong
atrd eKTTAIOEUTIKA OedOUEVA KAl ETTIKEVTPWVOVTOI O OUO KEVTPIKA {NTrPOTa TOU Xwpeou: Tn dlaxeipion
NG ateAoUg TTANPOYOPIag TTOU UTTAPXE! €V YEVEI OTA WN@IOK& dedouéva (EKTTAISEUTIKA Kal Jn) Kal TV
aglotroinon TeEXVIKWV TTou €EAyouv POVTEAA UWNANG atmmoédoong He dIaiocOnTIKA epunveloiun doun.
Kabwg, otnv EE€6puén MNvwong, n mmoAutrAokdtnta Twv OI0BECINWY ETTIAOYWY TTOU GUVOOEUOUV TIG
MEBOOOUG €xel WG ATTOTEAECOUO TOV ATTOKAEIONO Twv un €10IKWV OTOV XWEO, N UTTOOTAPIEN TNG
gpunveuciudéTNTag civar onuavtikA. MNa Tov okommd autdv, xpnoigotroinénkav Kal oguvOudoTnKav
TIPOOJEUTIKA aoa@eic aAyopiBuol pddnong, TEXVIKEG auTOMOTNG BEATIOTOTIOINGNG KOl OTPATNYIKEG
Evepyolg MaBnong, evw PEAETAONKE EexwploTd n TexVIKA TNG MeTagopds Mabnong. Ze éva TTpwTo
Brua, digpeuvABnke n amroteAeopaTikéTNTa TNG MTTeUdlavng BeATIOTOTTOINONG OTNV QUTOMATN £TTIAOYA
Tou BéATIOTOU aAyopiBuou pdaBnong kal oTnv PUBUIoN Twv UTTEP-TTAPANETPWY Tou. lMa va TovioTei
e€ioou n onuaaia TNG TTapaywyng EPUNVEUCIPNWY Kal ETTEENYNCIMWY POVTEAWV PNXAVIKAG udbnong, n
avalATnon AUCEWV TTEPIOPIOTNKE G€ AUTOUG Toug aAyopiBuoug mou Bacifovral oe dévTpa | KAVOVEG.
AToTéAeopa TNG CUUTTPAENG QUTAG ATAV N Onuioupyia POVTEAWV HE KatavonTh amod Tov AavlpwTro
avaTrapdoTacn, Ta OTToia TauTOXPOoVa XapaKTNPifovTal aTTd uynAn akpiBeia.

EmmAéov Tmpoteivetal n alotmoinon oTtpatnyikwv Evepyolg MdabBnong kai Metagopdg
Ma&BNoNG, TEXVIKEG TTOU ETTIKEVTPWVOVTAI OTNV AVTIUETWTTION ToU TTPORAAUATOC TNG EAAEIYPNG ETTAPKWV
oedopévwv yia Tnv ekTaideuon evog poviédou pdabnong. H Evepyl MdabBnon agopd Kupiwg
TpoBAAuaTa OTTou, evw Eival dlIaBETINa apKETA Oedopéva, YOvOo yia Aiya atrd auTd eival yvwaTh n
ETIKETA TOUG. H peTagopd pdabnong agopd kupiwg TTpoBAfuaTa otou dev eival dlaBECIa apkeTa
oedopéva extTaideuong yia éva TTPORANUa, aAAd eivar diaBéoipa yia €va GAAO, OXETIKO TTPORANUa.
AvamrTuxbnkav 000 kal KaIvOoTOpEG peBodoAoyieg: pia uBpidik uéBodog Evepyoug Mabnong
Baoliopévn o€ acaQeig TASIVOUNTEG TTOU EVOWUOTWVEI UNXAVIOPOUG auTouaTng BeATIoToTToiNONG KOl
Mia p€Bodog pETaQOPAG yvwong HETAEU TTPOYVWOTIKWY HOVTEAWV padnong. Or véol TTPOTEIVOUEVEG
pEBOBOI epapuolovTal o€ TTPoRANRuaTa Tagivounong kai TTaAivopounong HE TN XPAON EKTTAIOEUTIKWV
dedopévwyv TToU TTEPIYPA@oOuV Tn dpacTnpIdTNTA Twv QOITNTWY KUpiwg oTn diadikTuakr TTAaT@Spua



paBnong Moodle. H Tmreipapatiky Sigepelivnon TEKUNPIWVEL TNV OTTOTEAEOUATIKOTATA Twv HEBOdWV
QUTWV YIa TO TTPORANMA TNG TTPORBAEWNS TWV HABNGCIOKWY ATTOTEAECUATWY.

H cuoTnuaTiki £épeuva TToU TTPAYUATOTTIOINBNKE EATTICOUME va aTTOTEAEI pIa XPAOIKMN CUMBOAN
Kal va avoiyel véoug opiCovteg oTo medio TG EE0puEng MNvwaong atrd exktraideuTikd dedopéva Kal TNG
MaBnaoiokig AvaAuTIKAg, odnywvTag oTnv aglotroinon Kai Thv avdaTTuén epyaleiwv TTou uttoondolv
TO £€PYO TOU EKTTAIOEUTH KAl TNG HABNONG HEOW ATTTWV OEDOUEVWIV.

MepiAnyn ota AyyAikd

Nowadays, large amount of educational data is becoming more and more available. Most of these
data emanate from institutional student information systems, virtual learning environments, attendance
monitoring systems and library systems. These systems can record any student activity that is
supported, such as reading, writing, exams taking, tasks performed and peer communications,
information on staff, content and the institution and so forth. The analysis of these datasets attracted
much attention among researchers for its potential to identify patterns, trends and predictions that can
be used to optimize the learning process and its outcomes. In the field of Education, Educational Data
Mining and Learning Analytics have expanded rapidly, emerging as dynamic interdisciplinary fields of
study. Their ultimate common goal is to understand and improve the learning process and
environment.

Predicting students’ progression and learning outcomes is one of the most important task in
the field of Educational Data Mining and Learning Analytics. Regardless of how the problem is being
approached, its solution is of high practical value, as it provides information on which students need
additional support or are at risk of dropping out. With a view to encourage and motivate those
students, remedial actions could be organized, such as early alerts and advising interventions.

In real-world problems, it is more of a rule than an exception that the available data may
contain inaccurate data, are incomplete and/or are appeal to subjectivity. It is also often necessary the
exported learning models to have an easy-to-understand representation and transparency of how they
work, in order to forge a synergy between humans and machines. At the same time, the rapid
development and the wide variety of advanced Machine Learning solutions require specialized
knowledge and experience in the relevant fields from their users, thus preventing the participation of
inexperienced ones.

This dissertation deals with the general problem of creating predictive classification and
regression models in the field of Education. The main objective is to develop methodologies that
efficiently construct reliable learning models for predicting the performance of students in the final
examinations of semester courses of higher education.

To this end, six new research studies are described which provide new methods of extracting
knowledge from educational data. Regardless of their individual differences, the studies were based
upon two basic principles: the handling of incomplete information that generally exists in digital data
(educational and not) and the employment of techniques that produce high-performance models with
intuitively interpretable structure, without excluding non-specialists in the field due to the complexity of
the available options that usually surround them.

In this context, Fuzzy Learning Algorithms, Automated Machine Learning techniques and
Active Learning strategies were employed and progressively combined, while the Transfer Learning
technique was separately studied. In a first step, the effectiveness of Bayesian optimization in the
automatic selection of the optimal learning algorithm and in the adjustment of their hyper-parameters
was investigated. To equally highlight the importance of producing interpretable and explainable
Machine Learning models, the search space was restricted to tree-based and rule-based algorithms.
The result of this consolidation was the formation of models with human-understandable
representation, which were also characterized by high accuracy.

In addition, the use of Active Learning and Transfer Learning strategies is proposed. These
techniques are focused on addressing the difficulty of collecting sufficient data that are required to fit a
learning model. Active Learning is well-motivated in problems, where unlabeled data may be abundant
or easy to come by, but training labels are difficult, or expensive to obtain. Transfer Learning is well-
motivated in problems, where there is a lack of data regarding a problem, but there is plenty of data
about another related one. Two distinct and innovative methodologies have been developed: a hybrid
Active Learning method based on Fuzzy classifiers that incorporates automated optimization
mechanisms and a Transfer Learning method between predictive learning models.The new proposed
methods are applied to classification and regression problems using mainly educational data
describing the student activity on the Moodle online learning platform. The experimental results



document the effectiveness of these methods for the problem of predicting students' learning
outcomes.

Hopefully, the systematic research that has been conducted could be considered as a useful
contribution in the fields of Educational Data Mining and Learning Analytics. At the same time, it could
lead to the development of tools that assist instructors and learning through data-driven decisions.



